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[0001] This application claims the benefit of the Korean Application No. P2002- 
60712 filed on October 4, 2002, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a digital TV receiver, and more particularly, to 
an apparatus for recovering a carrier in a VSB system digital TV receiver. 
Background of the Related Art 

[0003] The VSB system, employed as Korean and the USA digital TV (DTV) 
broadcasting standards, is designed to transmit a broadcasting signal by using a frequency 
allocated for the present analog TV broadcasting. However, for minimizing an influence to 
the present analog TV broadcasting, the DTV signal is transmitted at a very low intensity 
compared to the analog TV signal. Of course, the standards are set such that there is no 
problem in reception of the DTV signal even if the intensity of the signal is low by employing 
different coding system in the DTV signal and channel equalizers for reducing an influence 
from noise. However, if a situation of the transmission channel is very poor, the reception of 
the signal is very poor. In general, since the DTV transmission system has an advantage in 
that a noise occurred on a transmission channel is removed perfectly at reception of the 
broadcasting signal, to enable to watch a picture having no noise at all, while the DTV 
transmission system has a disadvantage in that the picture can not be watched at all if the 
transmission signal is not recovered fully, it is required that the DTV receiver receives whole 
signal whatever poor transmission channel the signal has passed. 

[0004] FIG. 1 illustrates a block diagram of a related art VSB system DTV receiver, 
wherein, upon reception of a RF (Radio Frequency) signal modulated in a VSB system 

through an antenna 101, after selecting a particular channel frequency the user desires, a tuner 
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102 converts the RF band VSB signal carried on the channel frequency into an IF band 
(Intermediate Frequency band) signal (in general 44MHz or, in the case of analog TV 
broadcasting, 43.75MHz is used widely), and filters out other channel signals, appropriately. 

[0005] The signal from the tuner 102, which converts a spectrum of channels into an 
IF pass band signal, passes a SAW (Surface Acoustic Wave) filter 103 employed for removing 
neighboring channel signals, and the noise signal. 

[0006] In this instance, since the digital broadcasting signal has all information within 
a 6MHz zone centered on, for an example, the IF of 44MHz, the SAW filter 103 removes 
other zones from the output of the tuner 102, only leaving the 6MHz zone having the 
information, and provides to an IF amplifier 104. 

[0007] The IF amplifier 104 multiplies a gain calculated beforehand to the output 
from the SAW filter 103 for making an amplitude of the signal from an A/D converter 105 
after the IF amplifier 104 the same always. Accordingly, the A/D converter 105 receives and 
digitizes signals of the same amplitude from the IF amplifier 104. The passband signal 
digitized at the A/D converter 105 is transited to a baseband signal at the carrier recoverer 106, 
and provided to a DC remover 107. In this instance, the carrier used in recovering the carrier 
at the carrier recoverer 106 is turned to a DC component having 0Hz frequency. 

[0008] That is, the DC component is forcibly inserted into a transmission signal at a 
transmitter so as to perform the carrier recovery at the carrier recoverer. Therefore, after the 
carrier recovery is done, the DC component inserted at the transmitter is required no more. 
According to this, the DC remover 107 detects and removes the DC component from the 
baseband signal from the carrier recoverer 106. The baseband digital signal having the DC 
component removed therefrom is provided both to a synchronizer 1 08 and a channel equalizer 
109. 
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[0009] The most remarkable features of the VSB transmission system suggested by 
the Grand Alliance (GA) compared to other DTV transmission system are a pilot signal, a 
data segment synchronizing signal, and a field synchronizing signal. The signals are inserted 
at the transmitter before transmission for improving characteristics of carrier recovery and 
timing recovery. 

[0010] Accordingly, the synchronizer 108 recovers the data segment synchronizing 
signal, and the field synchronizing signal from the signal inserted at the time of transmission 
having the DC component removed therefrom. The synchronizing signals obtained thus are 
provided to the channel equalizer 109, a phase corrector 110, and an FEC 111. 

[0011] The channel equalizer 109 removes a linear distortion of an amplitude in the 
baseband digital signal causing interference between symbols, ghost occurred as the signal is 
reflected at buildings or mountain, and the like by using the baseband digital signal and the 
synchronizing signal, and provides to the phase corrector 110. 

[0012] Referring to FIG. 1, the signal passed through all analog processes is 
converted into a digital signal at the A/D converter 105 and provided to the carrier recoverer 
106. Therefore, all of the digital process blocks after the carrier recoverer 106 cannot make 
regular operation if the carrier recovery is not made at the carrier recoverer 106. 

[0013] FIG. 2 shows characteristics of an airwave signal frequency defined as present 
DTV standards in Korea and in the United States. Center frequency is transcribed as fc, and 
pilot frequency is transcribed as fp. A center frequency and a pilot frequency are different in 
each channel. For example, a frequency in the center of 6MHz width of each ground wave 
channel is the center frequency, and a frequency having carrier signal on the transmission 
signals is called the pilot signal. Pilot is a carrier having a reduced size for DTV signals not 
to interfere analog TV signals. 
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[0014] If there is no linear ghost in the signals inputted to the DTV receiver, the 
carrier recoverer 106 is able to recover a location of the pilot frequency on the signal 
frequency because the amplitude of data and the pilot is consistent. 

[0015] However, if there is linear ghost in the signals inputted to the DTV receiver, 
the relative amplitude of data and pilot is changed by delaying time of the linear ghost and 
phase difference. 

[0016] FIG. 3a and 3b are diagrams showing shape of pass band frequency when time 
delay of ghost is generated in a 1 st symbol section. FIG. 3 a shows a frequency characteristic 
when the phase difference of ghost is 0°, and FIG 3b shows a frequency characteristic when 
the phase difference of the ghost is 180°. Compared to the frequency characteristic in FIG. 2, 
the amplitude of pilot is larger than that of data in the case of FIG. 3. On the contrary, the 
amplitude of pilot is smaller than that of data in FIG. 3b. 

[0017] FIG. 4a and 4b shows a shape of pass band frequency in case that time delay 
of ghost is occurred in about 10 symbol section. As illustrated in FIG. 4a, if the phase 
difference is 0°, the amplitude of pilot is relatively larger than that of data. And, When the 
phase difference is 180° as illustrated in FIG. 4b, the amplitude of pilot is smaller than that of 
data. 

[0018] As described above, a size of the pilot signal changes in case that there is 
linear ghost in signals inputted to the DTV receiver. Therefore, accurate carrier recovery can 
not be carried out. 

SUMMARY OF THE INVENTION 
[0019] Accordingly, the present invention is directed to an apparatus for recovering a 

carrier that substantially obviates one or more of the problems due to limitations and 

5 



disadvantages of the related art. 

[0020] An object of the present invention is to provide an apparatus and a method for 
recovering a carrier, for recovering a carrier correctly even though ghost exists in a signal 
received in a television. 

[0021] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent to those having ordinary skill in the art 
upon examination of the following or may be learned from practice of the invention. The 
objectives and other advantages of the invention will be realized and attained by the structure 
particularly pointed out in the written description and claims hereof as well as the appended 
drawings. 

[0022] To achieve these objects and other advantages and in accordance with the 
purpose of the present invention, as embodied and broadly described herein, an apparatus for 
recovering a carrier includes a signal converter outputting baseband I, Q signals by 
multiplying digitized passband I, Q signals by a complex carrier according to a phase error; 
first and second filters removing data components of the baseband I, Q signals; a divider 
dividing a signal outputted from the second filter by a signal outputted from the first filter; a 
multiplier multiplying a signal outputted from the divider by the baseband I signal delayed for 
a predetermined time period; and an oscillator generating a complex carrier according to a 
signal outputted from the multiplier. 

[0023] Also, a method for recovering a carrier includes (a) converting digitized 
passband I, Q signals to baseband I, Q signals; (b) removing data components from the 
baseband I, Q signals; (c) dividing the baseband Q signal having the data component removed 
therefrom by the baseband I signal having the data component removed therefrom; (d) 
delaying the baseband I signal having the data component removed therefrom for a 
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predetermined time period, and multiplying the delayed baseband I signal by the division 
result; and (e) generating a complex carrier according to the multiplication result. 

[0024] In another aspect, an apparatus for recovering a carrier includes a signal 
converter outputting baseband I, Q signals by multiplying digitized passband I, Q signals by a 
complex carrier according to a phase error; first and second filters transmitting pilot 
components of the baseband I, Q signals; a divider dividing the pilot component of the 
baseband Q signal by the pilot component of the baseband I signal; a delay delaying the pilot 
component of the baseband I signal for a predetermined time period; a gain multiplier 
multiplying a signal outputted from the divider by a constant gain according to a signal 
outputted from the delay; a multiplier multiplying a signal outputted from the gain multiplier 
by the signal outputted from the delay; and an oscillator generating a complex carrier 
according to a signal outputted from the multiplier. 

[0025] Also, a method for recovering a carrier includes (a) outputting baseband I, Q 
signals by multiplying digitized passband I, Q signals by a complex carrier according to a 
phase error; (b) filtering the baseband I, Q signals to transmit pilot components thereof; (c) 
dividing the pilot component of the baseband Q signal by the pilot component of the baseband 
I signal; (d) delaying the pilot component of the baseband I signal for a predetermined time 
period, and multiplying the division result by a constant gain according to the pilot 
component of the delayed baseband I signal; and (e) generating a complex carrier according 
to the multiplication result. 

[0026] It is to be understood that both the foregoing description and the following 
detailed description of the present invention are exemplary and explanatory and are intended 
to provide further explanation of the invention claimed. 
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BRIEF DESCRITPION OF THE DRAWINGS 
[0027] The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this application, 

illustrate embodiment(s) of the invention and together with the description serve to explain 

the principle of the invention. In the drawings; 

[0028] FIG. 1 is a block diagram of a general digital TV receiver; 

[0029] FIG. 2 is a spectrum illustrating frequency characteristics of a general airwave 

signal; 

[0030] FIG. 3A and FIG. 3B are spectrums illustrating frequency characteristics of an 
airwave signal in case of ghost of about 1 symbol delay; 

[0031] FIG. 4 A and FIG. 4B are spectrums illustrating frequency characteristics of an 
airwave signal in case of ghost of about 10 symbol delay; 

[0032] FIG. 5 is a block diagram of an apparatus for recovering a carrier according to 
the first embodiment of the present invention; 

[0033] FIG. 6 illustrates S-curve by the apparatus for recovering a carrier of FIG. 5; 

[0034] FIG. 7 is a block diagram of an apparatus for recovering a carrier according to 
the second embodiment of the present invention; and 

[0035] FIG. 8 illustrates S-curve by the apparatus for recovering a carrier of FIG. 7. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0036] Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 
First embodiment 

[0037] FIG. 5 is a block diagram of an apparatus for recovering a carrier according to 
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the first embodiment of the present invention. 

[0038] As shown in FIG. 5, passband I, Q signals are digitized in an A/D converter 
105, and then inputted to a signal converter 501. At this time, the signal converter 501 
receives a complex carrier (SIN, COS), having carrier recovery done, through an NCO 
(Numerically Controlled Oscillator) 509, and multiplies the passband I, Q signals outputted 
from the A/D converter 105 by the complex carrier, for transit of the passband I, Q signals to 
baseband I, Q signals. 

[0039] The baseband I, Q signals are outputted to a DC remover (107 of FIG. 1). 
Also, for recovery of the carrier, the baseband I signal is outputted to a first lowpass filter 502, 
and the baseband Q signal is outputted to a second lowpass filter 505. At this time, it 
requires components in the vicinity of the frequency having a pilot frequency (fp) among the 
6MHz bandwidth. Accordingly, the first and second lowpass filters 502 and 505 remove a 
frequency component having data therein from the baseband I, Q signals. That is, the 
component in the vicinity of a DC position is required for recovering the carrier. In this 
respect, the rest is removed except the component in the vicinity of the DC position. Thus, it 
is possible to prevent a performance of recovering the carrier from being deteriorated by the 
data. 

[0040] The signal outputted from the first lowpass filter 502 is inputted to a delay 503 
and a divider 506. The delay 503 delays I signal having the data removed therefrom for a 
predetermined time period, and then outputs the delayed I signal to a sign extractor 504. At 
this time, the delay 503 converts a difference between the pilot (carrier) frequency component 
of the baseband signal inputted from the external and the carrier frequency component 
outputted from the NCO 509 to a phase error. Also, the sign extractor 504 extracts a sign 
from the signal outputted from the delay 503, and outputs the extracted sign to a multiplier 
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507. 

[0041] The signal outputted from the second lowpass filter 505 is inputted to the 
divider 506. In the divider 506, the signal outputted from the second lowpass filter 505 
serves for a dividend, and the signal outputted from the first lowpass filter 502 serves for a 
divisor. In this state, the divider 506 performs a division of the signal, thereby outputting the 
division result to the multiplier 507. 

[0042] The multiplier 507 calculates a phase error component between the carriers 
inputted from the external and outputted from the NCO 509 by multiplying the output signal 
of the sign extractor 504 by the output signal of the divider 506. After that, the value of the 
phase error component between the two carriers is inputted to a loop filter 508. The loop 
filter 508 filters and accumulates the phase error from the phase error component, and then 
outputs the result to the NCO 509. Then, the NCO 509 generates the complex carrier (COS, 
SIN) proportional to the signal outputted from the loop filter 508, and then provides the 
complex carrier to the signal converter 501. 

[0043] Hereinafter, a method for recovering the carrier in the apparatus for recovering 
the carrier according to the first embodiment of the present invention will be described in 
detail. 

[0044] First, the A/D converter 105 receives and digitizes an analog signal. At this 

time, the signal inputted to the A/D converter 105 can be expressed as the following equations 

(1) and (2). The equation (1) indicates the signal having no ghost, and the equation (2) 

indicates the signal having the ghost therein. 

r(0= {/(0 + /?}cos(w c /+0 )-Q(t)sin(w c t+<f> ) equation(l) 

At this time, w c is a frequency of the carrier signal inputted from the external, 0 is a phase of 

the carrier signal, I(t) is an information signal to be transmitted from a broadcasting 
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transmitter, Q(t) is a rectangular component, and /? is a pilot component inserted to a 
broadcasting signal by the broadcasting transmitter for recovering the carrier. 
r{i)= {l(t) + p}cos(w c t+ (f) )-Q(t)sin(w c t+ <p ) 

+«[{/ (/ - r) + p}cos(w c (t -z) + <p + e)-Q{t- r)sm(wc(t - r) + 0 + 0)] equation(2) 

At this time, a is strength of ghost, r is a delay time period of ghost, and 0 is a phase of 
ghost. If it is assumed that -w cT + Q is<%, the equation (2) can be expressed as the 
following equation (3). 

r(f)={l(t) + p}cos(w c t+<f>yQ(t)sin(w c t+0) 

+ a[{l (t-r) + p]cos{w c t + </> + 9 g )-Q{t-r) sin(Wct + ^ + 0 g ) J equation(3) 

[0045] Referring to the equation (1), if the signal inputted to the A/D converter 105 
has no ghost, it has the problem of recovering the carrier. However, referring to the equation 
(2), if the ghost exists in the signal inputted to the A/D converter 105, the carrier is recovered 
in due consideration of the strength of the pilot component. 

[0046] The signal converter 501 converts the signal outputted from the A/D converter 
105, i.e., the signal having the ghost, to the baseband signal. The baseband signal is 
classified into baseband f(t) and q(t) signals, which can be expressed as the following 
equations (4) and (5). 

/(t)=/'(t)cos( A w c t+ (j> )-Q '(/)sin( A w^H- <f> ) equation(4) 

?(t)=/'(t)sin( A w c t+ <j> )+Q '(0cos( A w c t+ (/>) equation(5) 

At this time, Aw c t is the difference between the carrier frequency w c of the signal inputted 
from the external and the carrier frequency w ' c outputted from the NCO 509. Herein, A w c t 9 
and Q\t) of the equations (4) and (5) can be expressed as the following equations (6), (7) 
and (8). 



A w c t=w c -w ' c equation(6) 

I\t)={l(t) + p} + acosG g {l{t-r) + p}-asme g Q(t-r) equation(7) 

Q\i)=Q(t)+acosO g Q(t - r) + a sin0 g {l(t-r) + p} equation(8) 

[0047] Even though the ghost exists in the signal inputted from the external, it has no 
influence on a Frequency Locked Loop FLL process for recovering the frequency difference 
A w c t between the two carriers. Also, it is possible to compensate the frequency difference 
at any rate in a Phase Locked Loop PLL process for recovering the phase difference between 
the two carriers. Accordingly, it is assumed that the frequencies of the two carriers are the 
same, Aw c t=0. In this case, the equations (4) and (5) can be expressed as the following 
equations (9) and (10). 

i(ty=r(t)GOsf-Q 9 (t)smf equation(9) 

q(t)=I'(t)sin (f> +Q'(0cos ^ equation(l 0) 

[0048] The first and second lowpass filters 502 and 505 transmit the DC component 
from the i(t) and q{t) signals. Accordingly, the data component is removed, and the pilot 
component exists. The signals outputted from the first and second lowpass filters 502 and 
505 can be expressed as the following equations (11) and (12). 



iLPF{i)= p[\l + a cos 0 g }cos <f> - a sin 6 g sin <f> J 

= ^{cos^ + acos(0 + 0 g )\ equation(l 1) 

qLpAt)= p[\l + a cos 0 g }sin <f> - a sin 6 g cos (j> J 

= /?{sin0 + asin(0 + 0 g )\ equation(12) 



[0049] If it is assumed that the ghost has the same strength as that of the original 

signal outputted from the broadcasting transmitter (a=l), the equations (11) and (12) can be 

expressed as the following equations (13) and (14). 
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iLPfiO= 2 p cos(0 g 1 2) cos(^ + 0 g /2) equation( 1 3) 

qLP&)=2p cos(0 g /2)sin(0 + 0 g 12) equation(14) 

[0050] Referring to the equation (14), if it is assumed that the ghost exists in the 
signal inputted from the external, the strength 2pcos(# g / 2) of the pilot component qipp{0 1S 

not constant. That is, the strength value 2/?cos(0 /2) of the pilot component qLPfiO is 

varied between Op and 2p according to the 0 value. Also, it is possible to obtain a correct 

convergence position of the PLL process not in case of 0=0, but in case of <fi + 0 g /2 = O . 

Accordingly, in case the external signal is already distorted before the signal inputted from the 
external is inputted to the apparatus for recovering the carrier, or the apparatus for recovering 
the carrier has no information about 0 g 1 2 , it is impossible to obtain the correct convergence 

position of the PLL process when <f> =0. 

[0051] An object of the present invention is to provide the apparatus for recovering 
the carrier, in which it is possible to obtain the correct convergence position of the PLL 
process according to the signal inputted from the external. Accordingly, in the apparatus for 
recovering the carrier according to the present invention, the change of the convergence 
position by distortion of the input signal is negligible. Especially, even though the strength 
of the baseband Q signal qippiO filtered by the lowpass filter is close to '0', it is possible to 
perform the PLL process smoothly. 

[0052] Herein, if it is assumed that 2pcos(0 g /2) of the equations (13) and (14) is 'k\ 
the equations (13) and (14) can be expressed as the following equations (15) and (16). 

i L PF{t)=kcos(<f> + 0 g l2) equation(15) 

qLPF<t)=ksm(d> + 0 g l2) ,equation(16) 
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[0053] Then, the signal outputted from the first lowpass filter 502 is inputted to the 
delay 503 and the divider 506, and the signal outputted from the second lowpass filter 505 is 
inputted to the divider 506. The delay 503 delays I signal having the data removed 
therefrom for the predetermined time period, and outputs the delayed I signal to the sign 
extractor 504. At this time, the delay 503 detects the phase difference between the pilot 
(carrier) component of the baseband signal inputted from the external and the carrier 
component outputted from the NCO 509. Also, the sign extractor 504 extracts the sign from 
the signal outputted from the delay 503, and outputs the extracted sign to the multiplier 507. 
In the divider 506, the signal outputted from the second lowpass filter 505 serves for the 
dividend, and the signal outputted from the first lowpass filter 502 serves for the divisor. In 
this state, the divider 506 performs the division of the signal. 

[0054] Meanwhile, a related art apparatus for recovering a carrier uses only q L pAf) 
signal in the PLL process. That is, if the strength of the q L pAf) signal is low, it is hard to 
compensate the phase difference. In order to overcome the aforementioned problem in the 
related art apparatus for recovering the carrier, the apparatus for recovering the carrier 
according to the present invention uses the two baseband signals qLpAf) and itppiO- 
Referring to the following equation (17), the divider 506 divides the signal outputted from the 
second lowpass filter 505 by the signal outputted from the first lowpass filter 502. 

g ' LPF (t)= =tan(fl + ^) equation(17) 

hpp(0 2 

[0055] When calculating S-curve according to the equation (17), as show in FIG. 6, it 
is possible to obtain S-curve showing the phase difference, <f> + 0 g /2, between the two 
carriers having the constant strength regardless of existence of the ghost. At this time, if it is 
assumed that a = l in the equation (17), the ghost has the same strength as that of the 
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original signal outputted from the broadcasting transmitter. In case of a * 1 , S-curve can be 
obtained according to the following equation (18). 

q 'LPf(t)= qiPF ^ =tan( <f> + 0\ ) equation(18) 

l LPF CO 

[0056] At this time, Q' g is lower than 0 g /2. If the strength of the ghost is lower 

than the strength of the original signal, as shown in FIG. 6, it is possible to obtain S-curve 
showing the phases of the two carriers having the constant strength. Then, the multiplier 
507 multiplies the signal outputted from the divider 506 by the signal outputted from the sign 
extractor 504, and then outputs the multiplication result to the loop filter 508. After that, the 
loop filter 508 filters, accumulates and outputs the multiplication result to the NCO 509. 
Subsequently, the NCO 509 generates the complex carrier proportional to the output of the 
loop filter 508, and outputs the complex carrier to the signal converter 501. On repetition of 
the aforementioned process steps, the carrier frequency signal similar to the carrier frequency 
component of the signal inputted from the external is generated in the NCO 509, and then the 
carrier frequency signal is outputted to the signal converter 501. Thus, the signal converter 
501 transits a passband VSB signal to a desired baseband VSB signal. 
Second embodiment 

[0057] FIG. 7 is a block diagram of an apparatus for recovering a carrier according to 
the second embodiment of the present invention. As shown in FIG. 7, passband I, Q signals 
are digitized in an A/D converter 105, and then inputted to a signal converter 701. At this 
time, the signal converter 701 receives a complex carrier (SIN, COS), having carrier recovery 
done, through an NCO (Numerically Controlled Oscillator) 710, and then multiplies the 
complex carrier by the passband I, Q signals, thereby converting the passband I, Q signals to 
baseband I, Q signals. 
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[0058] The baseband I, Q signals are outputted to a DC remover (107 of FIG. 1). 
Also, for recovery of the carrier, the baseband I signal is outputted to a first lowpass filter 702, 
and the baseband Q signal is outputted to a second lowpass filter 705. At this time, it 
requires components in the vicinity of the frequency having a pilot frequency (fp) among the 
6MHz bandwidth. Thus, the first and second lowpass filters 702 and 705 remove a 
frequency component having data therein from the baseband I, Q signals. 

[0059] The signal outputted from the first lowpass filter 702 is inputted to a delay 703 
and a divider 706. The delay 703 delays I signal having the data removed therefrom for a 
predetermined time period, and then outputs the delayed I signal to a sign extractor 704. At 
this time, the delay 703 converts a difference between the pilot (carrier) frequency component 
of the baseband signal inputted from the external and the carrier frequency component 
outputted from the NCO 710 to a phase error. Also, the sign extractor 704 extracts a sign 
from the signal outputted from the delay 703, and outputs the extracted sign to a multiplier 
708. 

[0060] The signal outputted from the second lowpass filter 705 is inputted to the 
divider 706. In the divider 706, the signal outputted from the second lowpass filter 705 
serves for a dividend, and the signal outputted from the first lowpass filter 702 serves for a 
divisor. In this state, the divider 706 performs a division of the signal, thereby outputting the 
division result to a gain multiplier 707. 

[0061] The gain multiplier 707 multiplies the signal outputted from the divider 706 
by a gain 'g' according to the signal outputted from the delay 703, for preventing the phase 
difference <f> between the two carriers from being changed according to the strength change 
of the pilot signal by the ghost. For example, if the gain 'g' multiplied by the output signal 
of the divider 706 in the gain multiplier 707 is the same with the pilot strength *p', 
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corresponding S-curve is shown as a solid line of FIG. 8. That is, the gain 'g' compensates 
the pilot strength 'p\ whereby the phase difference <p between the two carriers has the 
constant value. Accordingly, even though the great ghost (a = l) exists in the signal 
inputted from a transmission channel or the external, it is possible to recover the carrier 
correctly. Also, when the ghost does not exist in the signal inputted from the transmission 
channel or the external, the S-curve is maintained constantly. 

[0062] The multiplier 708 multiplies the output signal of the sign extractor 704 by the 
output signal of the gain multiplier 707, and calculates a phase error component between the 
carrier inputted from the external and the carrier outputted from the NCO 710. Then, the 
value of the phase error component between the two carriers is inputted to a loop filter 709. 
The loop filter 709 filters and accumulates the phase error from the phase error component, 
and then outputs the phase error to the NCO 710. The NCO 710 generates the complex 
carrier (COS, SIN) proportional to the signal outputted from the loop filter 709, and then 
outputs the complex carrier to the signal converter 701. 

[0063] As mentioned above, the apparatus for recovering the carrier according to the 
present invention has the following advantages. 

[0064] In the apparatus for recovering the carrier according to the present invention, 
the baseband I, Q signals filtered by the lowpass filter are separately used for recovering the 
carrier. Thus, even though the ghost exists in the signal inputted from the external, it is 
possible to recover the carrier correctly. Especially, even in case the strength of the 
baseband Q signal filtered by the lowpass filter is close to '0', it is possible to perform the 
PLL process smoothly. 

[0065] Also, the output of the divider is multiplied by the gain 'g', so that the slope of 
S-curve is similar to the slope of a case having no ghost. That is, even though the strength of 
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the pilot becomes low by the great ghost in the transmission channel, it is possible to recover 
the carrier correctly. 

[0066] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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